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Abstract 

Advanced composite components are being considered for a wide variety of demanding 
applications in aerospace, space exploration, and ground based systems. A number of these 
applications require robust integration technologies to join dissimilar materials (metal- 
composites) into complex structural components. In this study, three types of composites (C-C, 
C-SiC, and SiC-SiC) were vacuum brazed to commercially pure Ti using the active metal braze 
alloy Cusil-ABA (63Ag-35.3Cu-l.75Ti). Composite substrates with as fabricated and polished 
surfaces were used for brazing. The microstructure and composition of the joint, examined using 
scanning electron microscopy (SEM) coupled with energy dispersive spectroscopy (EDS), 
showed sound metallurgical bonding in all systems. The butt strap tensile (BST) test was 
performed on bonded specimens at room and elevated temperatures. Effect of substrate 
composition, interlaminar properties, and surface roughness on the mechanical properties and 
failure behavior of joints will be discussed. 
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The development of robust joining and assembly capability will allow 
the application of advanced composites technology in a timely 


Joining and Integration Technologies are Key to 
Manufacturing of Heat Rejection System 



Assembly of Composites with Titanium Tubes 
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(a) Compression; (b) Different Types of Shear Tests 

Tension; (c) Shear; (d) Peel; 

(e) Cleavage 





Various Activities on Bonding of Metals to Ceramics 
and Composites Using Metallic Interlayers at GRC 
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Materials and Experimental Details 
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National Aeronautics and Space Administration 



EDS analysis of compositions at marked locations 
in (b) : 1) 100%C, 2) 1 %Ti , 3%Cu, 96%Ag, 3) 

1 %Ti, 95%Cu, 4%Ag, 4) 15%Ti, 80%Cu, 4%Ag, 5) 
43%Ti, 54%Cu, 3%Ag, and 6) 99%Ti, 1%Ag. 
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Braze foil (polished C-SiC) 
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Paste, polished SiC-SiC 



Microhardness Profiles across the Joint Region in 

Brazed C-SiC/Ti System 

( Knoop indenter, 200 g load, 10 $ loading time) 
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• Braze/Ti interface was diffuse and its location shown is approximate. 

• Braze region shows significant variation in KHN than Ti region. 

• Joints made from unpolished composites show marginally higher peak 
KHN values than polished samples. 


Microhardness Profiles across the Joint Region in 

Brazed SiC-SiC/Ti System 

( Knoop indenter, 200 g load, 10 $ loading time) 
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• Braze/Ti interface was diffuse and its location shown is approximate. 

• Braze region shows significant variation in KHN than Ti region. 

• Joints made from unpolished composites show marginally higher peak KHN 
values than polished samples. 


Mechanical Testing of Brazed Joints 
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BST Shear Strength of Brazed Ti-Composite 
Joints at Room Temperatures 
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Typical literature values for interlaminar shear strengh (ILS) of 
composites: C/C: 12-15 MPa; CVI C/SiC: 18-22 MPa; Ml SiC/SiC: 
40-45 MPa 


Thermally-Induced Cracking in Composite Controls 

Shear Strength of Brazed Joints 



Ti-C/SiC Composite Ti-SiC/SiC Composite 
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• High temperature testing of joints with C/SiC and SiC/SiC composite substrates 
in progress. 
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